
Anthropometric and Biomechanical Characteristics of Body 
Segments in Persons with Spinal Cord Injury

Y. Fang1, L.R. Morse2,3, N. Nguyen4, N.G. Tsantes4, and K.L. Troy1

1Department of Biomedical Engineering, Worcester Polytechnic Institute, Worcester, MA, USA

2Rocky Mountain Regional Spinal Injury System, Craig Rehabilitation Hospital, Englewood, CO, 
USA

3Department of PMR, University of Colorado School of Medicine, Aurora, CO, USA

4Spaulding Rehabilitation Hospital, Boston, MA, USA

Abstract

People with spinal cord injury (SCI) experience bone and muscle loss in their paralyzed limbs that 

is most rapid and severe in the first 3 years after injury. Restoration of mechanical loading through 

therapeutic physical activity may potentially slow or reverse post-SCI bone loss, however, 

therapeutic targets cannot be developed without accurate biomechanical models. Obesity is 

prevalent among SCI population, and it alters body composition and further affects parameters of 

these models. Here, clinical whole body dual-energy X-ray absorptiometry data from people with 

acute (n=39) and chronic (n=61) SCI were analyzed to obtain anthropometric parameters 

including segment masses, center of mass location, and radius of gyration for both obese and non-

obese individuals. Chronic SCI was associated with higher normalized trunk mass of 3.2 %BW 

and smaller normalized leg mass of 1.8 %BW in males, but no significant changes in segment 

centers of mass or radius of gyration. People with chronic SCI had 58.6% lean mass in the trunk, 

compared to 66.6% lean mass in those with acute SCI (p=0.01), with significant changes in all 

segments. Obesity was associated with an increase in trunk mass proportion of 3.1 %BW, 

proximal shifts in thigh and upper arm center of mass, and changes to thigh and shank radius of 

gyration. The data presented here can be used to accurately represent the anthropometrics of SCI 

population in biomechanical studies, considering obesity and injury duration.
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Introduction

Approximately 276,000 people live with spinal cord injury (SCI) in the United States, and 

80% of them are male (National SCI Statistical Center, 2015). People with SCI experience 

rapid bone loss in their paralyzed limbs, which leads to severe osteoporosis and fracture risk 

of 40.0% in the long term (Morse et al., 2009; Tan et al., 2013). Physical activities that 

restore mechanical loading have been proposed to slow, or even reverse bone loss (Tan et al., 

2013), although clinical evidence is inconclusive (Giangregorio and McCartney, 2006; 

Hammond et al., 2014; Panisset et al., 2015). Such activities include functional electrical 

stimulation-assisted rowing or cycling, and weight supported walking (Giangregorio et al., 

2005; Lauer et al., 2011; Tan et al., 2013). To maximize rehabilitation potential and ensure 

safety for the SCI population, biomechanical analyses are needed to quantify the loads 

applied to the musculoskeletal system during proposed therapeutic activities.

Biomechanical models used to perform inverse dynamics calculations regard humans as a 

system of linked rigid body segments. Each segment is characterized by its mass, center of 

mass location (COM), and moment of inertia. These body segment parameters are used for 

kinetic analyses, and they affect calculations of net joint loads and moments. Just as it has 

long been recognized that body segment parameters change with growth (Jensen, 1986), 

there has been a growing recognition that the most commonly used anthropometric data sets 

may not adequately represent specific clinical populations of interest to the biomechanics 

community. One recent study compared net joint moment calculations on healthy male 

subjects using six different sets of anthropometric data, and reported discrepancies in hip 

moment of up to 20.1% (Rao et al., 2006). In amputees, using cadaveric estimations of 

segment parameters resulted in significant overestimations of knee and hip moments during 

the swing phase of gait (Goldberg et al., 2008). Compared to population-specific 

measurements, traditional regressions resulted in as much as 11% difference in segment 

radius of gyration (ROG) in older adults (Durkin and Dowling, 2003). This highlights the 

need for accurate, population-specific anthropometric data.

Body segment parameters are influenced by body composition, which varies with clinical 

and demographic factors including age, sex, and race. For example, in older men and 

women, trunk and arm mass represent approximately 2.5% less of total body mass, while leg 

mass represents around 3% more in females compared to males (Chambers et al., 2010). The 

same study found that older obese men and women carried 1.5% to 5% more of their mass 

in the trunk compared to non-obese individuals. Another study found that in males, upper 

arm and thigh moments of inertia decreased with age, while the center of mass (COM) of the 

arm moved more distally (Muri et al., 2008). Because SCI is associated with changes in 

body composition, the available anthropometric data generated primarily in older cadavers 

or healthy college students (de Leva, 1996; Dempster, 1955) are unlikely to be generalizable 

to SCI-specific biomechanical analyses. SCI is associated with higher rates of obesity than 

the general population (Pelletier et al., 2016), which independently affects segment 

parameters. Moreover, the most profound changes in body composition occur within the first 

3 years of SCI, thus anthropometric characteristics may change as a result of injury duration.
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Therefore, the purpose of this study was to determine the association between injury 

duration and obesity on body segment parameters after SCI. We hypothesized that people 

with chronic SCI would have smaller lower extremity mass and greater trunk and upper 

extremity mass compared to those with acute SCI, and that individuals who were obese 

would have greater proportional trunk and arm mass compared to leaner individuals.

Methods

Subjects

One hundred and seventy-nine patients with SCI received a total body dual-energy X-ray 

absorptiometry (DXA) scan between June 2012 and October 2015 as part of clinical care. 

We excluded those with fixation rods or metal artifact that prevented accurate segment 

parameter calculation, and those whose body parts (trunk, or both arms, or both legs) were 

incomplete in the scans (n=10). We then studied a convenience sample of 78 male and 22 

female patients, reflecting the typical male/female ratio of individuals with SCI (National 

SCI Statistical Center, 2015). This study was conducted according to our institutional review 

board (IRB) approved protocol.

Demographic and clinical information were obtained by medical record review. Injury 

severity was classified as motor complete SCI (AIS A/B) or motor incomplete SCI (AIS 

C/D). Injury level was considered as paraplegia or tetraplegia. Usual mobility mode (more 

than 50% of the time) was considered as wheelchair use (motorized wheelchair or hand-

propelled wheelchair) or walking (with aid such as crutch, cane or walk without assistance). 

Body mass index (BMI) was used to define non-obese (< 25 kg/m2) or obese (≥25 kg/m2) 

categories using SCI-specific cut points (Laughton et al., 2009). Duration of injury was 

considered to be acute (< 3 years since injury) or chronic (≥3 years since injury).

DXA Image Processing

A DXA scan (5th generation Lunar iDXA, GE Healthcare, UK) with software (enCORE 

12.3, GE Healthcare, UK) was used to assess body composition clinically. Whole-body 

frontal plane DXA images containing the skeleton and soft tissue were obtained. Trunk, 

upper arm, forearm, thigh, and shank were identified as segments of interest. Segment 

lengths were defined similar to de Leva (de Leva, 1996) and Chambers et al. (Chambers et 

al., 2010) using anatomical landmarks (Figure 1, Table 1). Segment boundaries were 

manually defined by a single investigator (YF) using polygon sub-regions (usually 

rectangles). The left and right borders of each sub-region were determined such that they 

enclosed the soft tissue along the length of each segment. The bottom border of trunk 

segment and top border of thigh segment were defined using trunk/thigh planes, which 

extended inferior and medial from the anterior superior iliac spine to the ischial tuberosity of 

the pelvis (Chambers et al., 2010) (Figure 1b). For each subregion, bone mass, lean mass, fat 

mass, dimension, and centroid were provided by the software. The number of sub-regions 

necessary to accurately measure each segment was determined by two sensitivity analyses. 

First, thigh normalized mass, COM and ROG were calculated for 5 subjects ranging from 

1.57 to 1.77 m in height and 58–96 kg in mass, using up to 9 sub-regions. These parameters 

did not differ significantly depending on the number of sub-regions used (Table 2). Next, 
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normalized mass, COM and ROG were examined in all segments of a typical subject as a 

function of number of sub-regions (Figure 2). The calculated parameters for each segment 

did not change more than 1.5% when more than 3 sub-regions were used. Based on these 

analyses, each segment was broken into three sub-regions for analysis of the complete data 

set.

Variable Definitions and Statistical Analysis

Segment mass, COM, and frontal plane ROG were calculated for each segment, and lean 

mass proportion was calculated for trunk, leg, arm, and whole body using following 

equations (Ganley and Powers, 2004; Winter, 2009),

(1)

(2)

(3)

(4)

where m1 and li are the mass and centroid of each sub-region. Segment mass was expressed 

as a percent of body weight (%BW); COM was the longitudinal distance from the superior 

(trunk) or proximal (other segments) end to the COM location of the segment, expressed as a 

percent of segment length (%SL); ROG was also expressed as a percent of segment length 

(%SL). Dependent variables were grouped in the following seven categories: segment mass 

(kg), normalized segment mass expressed as a percentage of body weight (%BW), COM 

(%SL), ROG (%SL), total mass (kg), lean mass (kg), and lean mass proportion (%).

Statistical analyses were performed using SPSS software (Chicago, IL, USA). For males, a 2 

× 2 multivariate analysis of variance (MANOVA) was performed with time since injury 

(acute versus chronic) and obesity (yes/no) as factors within each category. Post hoc t-tests 

with Bonferroni corrections were performed when appropriate. Due to the small number of 

females, obesity was not considered as a separate variable. Instead, all variables were 

compared using student's t-test between acute injury group and chronic injury group. Due to 

the heterogeneity of the SCI population, secondary comparisons were made between other 

subgroups within the sample population. Subgroups that were compared included: gender 

(male versus female), paralysis level (tetraplegia versus paraplegia), and wheelchair use (yes 

versus no). For each secondary analysis, ANOVA was used to compare the variables of 
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segment mass, COM, and ROG between the two subgroups. An alpha criterion of 0.05 was 

used to assess significance.

Results

Subject Characteristics

Seventy-eight males and twenty-two females with SCI were included for final analysis. 

Subjects in the acute injury group were 1.0 ± 0.7 years post injury, and those in the chronic 

injury group were 14.8 ± 12.9 years post injury. Average BMI of non-obese and obese 

groups were 21.4 and 30.9 kg/m2, respectively (Table 3).

Effect of Obesity on Anthropometric Parameters in Males with SCI

MANOVA showed a main effect for obesity in all categories. Obese males had significantly 

greater normalized mass in the trunk (p = 0.001; Table 4) and lower lean mass proportion in 

all segments (p≤0.005) compared to non-obese males (Table 5). Males with BMI < 25 

possessed more proximally located thigh COM, more distally located upper arm COM, 

greater thigh ROG, and smaller shank ROG than those with BMI≥25 (p≤0.019; Table 4).

Effect of Injury Duration on Anthropometric Parameters after SCI

There was a main effect for time since injury on normalized segment mass (p < 0.001). 

Chronic SCI was associated with smaller trunk lean mass ratio among males (p = 0.011; 

Table 5). Females in the chronic group had greater normalized upper arm mass than those in 

the acute group by 0.40 %BW (p = 0.039; Table 6).

Effect of Gender, Paralysis Level, and Wheelchair use on Anthropometric Parameters after 
SCI

A significant gender effect was found in most parameters. Males had normalized mass that 

was 5.0 % greater in the trunk, 11.6% greater in the upper arm, and 19.3% greater in the 

forearm compared to females (p≤0.032). Similarly, muscle mass proportion in males was 

13.5% greater in the arm and 16.6% greater in the leg (p = 0.008 and p = 0.002, 

respectively). Males possessed 7.4% more distally located thigh COM, with 4.8% smaller 

thigh ROG versus females (p < 0.001, and p = 0.001, respectively), and their shank ROG 

was 2.2% greater than that of females (p = 0.017).

For people with different paralysis levels, most parameters were not significantly different 

except for upper body mass and shank ROG. Those with tetraplegia had 17.8 % smaller 

normalized upper arm and 12.5 % smaller normalized forearm mass compared to those with 

paraplegia (p < 0.001, and p < 0.001, respectively). Shank ROG was also smaller by 0.3% 

BW (p = 0.012) in individuals with tetraplegia.

People who used wheelchairs had significantly greater normalized shank mass by 4.7 %BW 

(p = 0.002) and greater trunk lean mass ratio by 7.2 % (p = 0.036) than those who did not 

use a wheelchair.
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Discussion

The aims of this study were to quantify anthropometric parameters in people with SCI and to 

investigate the impact of injury duration and obesity on all parameters. Our results support 

the hypothesis that mass distribution and tissue composition vary over time after the injury 

and are significantly affected by obesity. Compared to acute SCI, chronic injury is associated 

with a shift in mass proportion from lower limbs to the trunk and upper arms, and decreased 

lean mass proportion, especially in the trunk. Obesity strongly affects the anthropometric 

characteristics of all males with SCI and is associated with a higher proportion of the body 

mass located in the trunk and away from the distal limbs. This is associated with a proximal 

shift in COM and increased ROG at the thigh, a distal shift in upper arm COM, and a 

decreased ROG at the shank. These changes show similar trends to the anthropometric 

characteristics of an able-bodied obese population (Chambers et al., 2010; Matrangola et al., 

2008).

Overall, chronic injury is associated with significant decreases in lean mass proportion 

throughout the body. Males in the chronic phase had greater normalized mass in the upper 

body than those in the acute phase. Additionally, lean mass proportion was smaller by 

8.0 %BW in the trunk and 3.8 %BW in the arm among people with chronic SCI compared to 

those with acute SCI. This indicates either fat accumulation or muscle loss in the long term 

post injury. In the present cohort of females, the chronic injury group had similar trunk total 

mass to the acute group, but less lean mass, suggesting that at this site females may become 

fatter, but not heavier, with increased injury duration. However, the number of subjects 

included in this comparison was small, and further research is needed. Consistent with our 

data, others have reported higher fat proportion in the trunk and waist region in people with 

SCI compared to able-bodied controls (Beck et al., 2014; Emmons et al., 2011), and the 

difference was greater for those with motor complete vs. motor incomplete injury, and in 

those with tetraplegia vs. paraplegia (Spungen et al., 2003). Among individuals with SCI, 

trunk mass proportion was higher for those who are obese. Mass accumulation in the trunk 

causes central obesity, increasing the risk of coronary heart disease. However, it does not 

necessarily lead to a high BMI value. Studies have shown that individuals with SCI who had 

central obesity were not recognized as obese based on BMI standard for the general 

population (Sabour et al., 2011). Therefore, waist circumference and an SCI-specific BMI 

value of 25 were suggested to be used to identify obese for individuals with SCI (Buchholz 

and Bugaresti, 2005; Laughton et al., 2009).

Compared to the acute injury group, we observed higher absolute and normalized mass in 

the upper extremities in the chronic injury group. Interestingly, although lean mass 

proportion decreased over time after the injury, absolute lean mass was similar in the chronic 

group, and was increased in the obese subset. Similar to at the trunk, this suggests increased 

fat accumulation in the arms with longer injury duration. It is likely that exercise from daily 

activities and rehabilitation contributes to maintenance of lean tissue mass in the arms. 

Others have shown that people with paraplegia have greater arm lean tissue and forearm 

extensor cross-sectional area than those with tetraplegia and able-bodied individuals. They 

suggested that manual wheelchair propulsion and transfer using arms can offset muscle loss 

(Gorgey et al., 2014; Yarar-Fisher et al., 2013). This is further confirmed by our data; when 
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subjects were analyzed by injury level, those with paraplegia had greater normalized mass 

and lean proportion in the arms than those with tetraplegia. Additionally, people who used a 

wheelchair had significantly greater normalized mass and lean mass proportion in the trunk. 

Unfortunately, our database did not specify the type of wheelchair used, although it is likely 

that most individuals with paraplegia used manual wheelchairs and would consequently have 

greater lean mass in their upper limbs and trunk.

Spinal cord injury is followed by well documented muscle atrophy and bone loss in the 

lower limbs after paralysis (Giangregorio and McCartney, 2006; Wilmet et al., 1995). Our 

data are consistent with this understanding, demonstrating a smaller normalized mass and 

lean mass proportion in the legs in the chronic group. Absolute mass and lean mass are 

higher, but lean mass proportion is lower among subjects who are obese, indicating greater 

muscle and fat in the legs among obese subjects. Because a greater portion of the tissue in 

the legs is located proximally, we expected that obesity-related gain of muscle and fat would 

increase the proximal mass within the thigh and shank, shifting the COM proximally. This 

was supported by the data in the thigh as people in the obese group had a more proximally 

located thigh COM. A similar finding was observed in the able-bodied population 

(Chambers et al., 2010; Matrangola et al., 2008).

Our study had several limitations. We did not calculate parameters for the head, hands, and 

feet, therefore we were not able to verify that the sum of the normalized segment masses 

equals 100% of body mass. However, using published able-bodied mass proportions for the 

hands (0.6%), feet (1.3%), and head (7.7%) (Durkin and Dowling, 2003), plus the summed 

mass for our studied segments (88.9 %BW), our average summed mass would be 

100.4 %BW, suggesting that our measured segment masses are realistic. As an additional 

verification, we compared the subset of our present cohort (n=15) who received a DXA scan 

within six months of becoming spinal cord injured with published able-bodied data also 

measured with DXA (Chambers et al., 2010). Most of the variables were within 1 %BW or 

1 %SL between the two groups, although the difference in upper arm parameters was nearly 

5%. This can be attributed to slightly different segment definitions, combined with a high 

rate of obesity in the SCI group, which is associated with fat accumulation around and under 

the shoulders and upper arms. DXA scans are performed with subjects lying supine, which 

may cause soft tissue deformation and can slightly affect COM and ROG calculations, 

especially at the upper arm. Additionally, our validated methods utilized fewer sub-regions 

to define each segment than other studies, although our sensitivity analyses indicated that 

this did not significantly influence the results.

Although ROG was calculated in the frontal plane only, it is commonly assumed that the 

lower and upper limbs are circular in cross-section, making sagittal and frontal plane ROG 

equivalent. For the trunk, ROG was calculated considering the trunk as an elliptical cylinder 

with the depth equals to 70% of its width (Marras et al., 2001), and the difference between 

frontal plane and sagittal plane values was within 0.1% of the trunk length. Therefore trunk 

ROG in the frontal plane can be used for the sagittal plane. The small number of SCI 

females in the current study limited our ability to examine the effect of obesity in females, 

however, it is not substantially different from the 4:1 male/female ratio reported in the 

general SCI population (National SCI Statistical Center, 2015). Finally, the patients included 
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in this study were all from a single rehabilitation hospital location in a large urban area, and 

may not represent individuals with SCI in other settings.

In summary, we have calculated anthropometric parameters for individuals with acute and 

chronic spinal cord injury and have examined the effect of obesity on these parameters. In 

general, people with chronic SCI carry a lower proportion of their mass in the lower limbs, 

and a greater proportion in the trunk and upper limbs. This is accompanied by increases in 

trunk fat, particularly in obese subjects. SCI-related muscle loss and increases in fat were 

observed in most body parts after the injury. Small magnitude differences in inverse 

dynamics calculations have been shown to be clinically important in other contexts such as 

knee OA (Kaufman, 2001), emphasizing the need for accurate anthropometric models. The 

data presented here can be used to accurately represent the anthropometrics of SCI 

population considering obesity and injury phase.
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Figure 1. 
Whole body DXA scan showing a) skeleton with segment lengths (solid line with arrow) and 

the plane (dashed line) where anatomical landmarks locate, and b) soft tissue with regions of 

interest. Each segment was divided into polygon sub-regions. The black dashed line 

indicates trunk/thigh plane.
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Figure 2. 
Sensitivity test showing the change in results using different number of sub-regions for all 

segments in one subject.
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Table 1

Definition of the superior and inferior ends of segment length.

Superior Inferior

Trunk Midpoint of the right and left acromion Midpoint of the hip joint center

Upper Arm Acromion Elbow joint center

Forearm Elbow joint center Wrist joint center

Thigh Hip joint center Knee joint center

Shank Knee joint center Ankle joint center
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Table 3

Subject characteristics: mean ± standard deviation.

Acute (N=39) Chronic (N=61)

BMI < 25 (N=24) BMI≥25 (N=15) BMI < 25 (N=28 ) BMI≥25 (N=33)

Sex (female/male) 4/20 3/12 7/21 8/25

Age (years) 38.0 ± 16.7 42.8 ± 13.9 39.5 ± 13.3 45.8 ± 13.9

Years Since Injury (years) 1.1 ± 0.8 0.9 ± 0.5 13.9 ± 13.7 15.6 ± 12.5

Height (cm) 175.9 ± 9.4 171.2 ± 12.4 175.2 ± 12.8 174.0 ± 11.2

Mass (kg) 67.5 ± 11.5 90.2 ± 17.2 66.9 ± 15.7 93.0 ± 17.9

BMI (kg/m2) 21.7 ± 2.4 30.9 ± 5.7 21.2 ± 2.7 30.9 ± 4.7

Motor Complete 12 4 20 22

Wheelchair User 17 12 27 21

Tetraplegia 18 12 15 19

The acute and chronic groups did not differ in terms of age (p = 0.309) or height (p = 0.832).
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Table 6

Anthropometric parameters of females with SCI. P-values refer to comparison between acute and chronic 

groups using student's t-test.

Acute (N=7) Chronic (N=15) Total (N=22) p-value (Acute vs. Chronic)

Mass (kg)

Trunk 35.1 ± 13.3 35.6 ± 11.3 35.4 ± 11.6 0.937

Thigh 8.1 ± 4.0 8.5 ± 2.5 8.4 ± 3.0 0.770

Shank 2.5 ± 1.2 2.3 ± 0.7 2.4 ± 0.9 0.628

Upper Arm 2.2 ± 0.9 2.3 ± 0.7 2.3 ± 0.7 0.748

Forearm 0.8 ± 0.2 0.9 ± 0.3 0.9 ± 0.2 0.442

Mass (%Body Mass)

Trunk 47.2 ± 4.0 50.0 ± 4.2 49.1 ± 4.2 0.157

Thigh 11.6 ± 2.7 12.4 ± 1.3 12.1 ± 1.8 0.457

Shank 3.7 ± 1.1 3.4 ± 0.5 3.5 ± 0.8 0.340

Upper Arm 2.9 ± 0.4 3.3 ± 0.5 3.2 ± 0.5 0.039

Forearm 1.2 ± 0.2 1.3 ± 0.2 1.3 ± 0.2 0.128

Center of Mass (%Segment Length)

Trunk 55.2 ± 2.3 55.2 ± 1.5 55.2 ± 1.8 0.985

Thigh 40.3 ± 2.6 38.7 ± 3.5 39.2 ± 3.3 0.284

Shank 42.0 ± 1.8 42.8 ± 1.7 42.6 ± 1.7 0.324

Upper Arm 53.2 ± 7.9 55.4 ± 2.9 54.7 ± 4.9 0.342

Forearm 43.4 ± 0.9 43.0 ± 2.7 43.1 ± 2.3 0.698

Radius of Gyration (%Segment Length)

Trunk 28.1 ± 1.3 27.9 ± 1.5 28.0 ± 1.4 0.732

Thigh 29.1 ± 0.8 30.0 ± 1.9 29.7 ± 1.7 0.244

Shank 23.2 ± 1.0 23.7 ± 0.8 23.5 ± 0.9 0.290

Upper Arm 20.9 ± 2.8 20.0 ± 1.1 20.3 ± 1.8 0.284

Forearm 24.5 ± 0.8 24.6 ± 1.0 24.6 ± 0.9 0.936

Total Mass (kg)

Arm 2.9 ± 0.9 3.5 ± 1.0 3.3 ± 1.0 0.188

Leg 12.1 ± 4.8 10.7 ± 3.0 11.1 ± 3.6 0.389

Trunk 32.9 ± 13.0 33.5 ± 12.0 33.3 ± 12.0 0.925

Whole Bodyb 70.4 ± 24.3 66.6 ± 18.8 67.8 ± 20.2 0.693

Muscle Mass (kg)

Arm 1.7 ± 0.4 1.9 ± 0.5 1.8 ± 0.5 0.306

Leg 6.6 ± 1.6 5.2 ± 1.5 5.7 ± 1.6 0.054

Trunk 20.2 ± 4.3 17.4 ± 4.3 18.3 ± 4.4 0.176

J Biomech. Author manuscript; available in PMC 2018 April 11.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Fang et al. Page 20

Acute (N=7) Chronic (N=15) Total (N=22) p-value (Acute vs. Chronic)

Whole Body 42.0 ± 6.6 35.3 ± 7.8 37.4 ± 8.0 0.062

Muscle Mass Proportion (%)

Arm 59.0 ± 12.0 54.8 ± 6.3 56.1 ± 8.5 0.284

Leg 57.2 ± 7.9 49.8 ± 8.6 52.2 ± 9.0 0.069

Trunk 65.6 ± 16.1 55.2 ± 11.8 58.5 ± 13.8 0.104

Whole Body 62.7 ± 11.1 54.5 ± 8.3 57.1 ± 9.8 0.066
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